agents may affect kidney function less severely than highosmolar CM [1] . Low-osmolar CM are also better tolerated by the patient than high-osmolar substances, especially with regard to non-serious adverse events [2] [3] [4] . Iobitridol is a tri-iodinated low-osmolar non-ionic CM that exhibits excellent tolerability and low toxicity in intravenous urography and has been approved in Germany since 1996 [5, 6] . In this large multicentre postmarketing surveillance study with iobitridol we aim to quantify the incidence of adverse events and identify possible risk factors.
Subjects and Methods
A total of 49,975 patients mainly undergoing intravenous urography in a routine clinical setting were included into this German multicentre postmarketing surveillance study. The lowosmolar, non-ionic CM iobitridol (Xenetix from Guerbet GmbH, Sulzbach, Germany) was administered as a bolus injection (1 ml/ kg body weight).
Age, sex and indication for the examination as well as the type of examination were documented. High-risk patients were identified; it included those with serum creatinine 1 1.5 mg/dl, previous reactions to CM, prevalence of other allergies or lung diseases. After administration of iobitridol, adverse events were documented with respect to symptoms, duration and type of treatment needed as well as potential causality due to CM. Delayed reactions up to 24 h were also documented. Adverse event coding was done according to the World Health Organization Adverse Reaction Terminology. Classification into serious or non-serious adverse events was done according to guidelines: International Conference on Harmonization, World Health Organization, Food and Drug Administration. Statistical analysis was performed with the SPSS software package, using ANOVA and 2 test. A p value ! 0.05 was considered to be of statistical significance.
Results
Of the 49,975 patients, 28,336 (56.7%) were males and 21,639 (43.3%) females; the mean age was 56.6 years (range 3-101 years). Intravenous urography was performed in 98% of the patients, and the remaining 2% had either retrograde or other urological examinations. Indications for intravenous urography were mainly urolithiasis (39.1%), inflammatory diseases (25.6%) and tumours (13.9%; fig. 1 ). Other frequent indications were prostatic diseases (6.0%) or haematuria (3.1%). Among those defined as high-risk patients (7.4%), there were 1.9% with a creatinine level 1 1.5 mg/dl (0.1% were on haemodialysis), 0.8% had a history of previous allergic reactions to contrast agents, 3.7% pre-existing asthma or allergies (more in females with n = 1,035 than in males with n = 834; p ! 0.00001) and 2.0% other risk factors contra-indicating the administration of contrast agents.
The overall occurrence of acute symptoms after CM injection was 0.9%. All symptoms were minor, rated as non-serious events with one exception. The incidence of most frequent non-serious events was nausea (0.3%), sensation of warmth (0.1%), urticaria (0.1%) and dyspnoea (0.05%; fig. 2 ). These reactions were transient in 81% of the cases; however, 51.1% of them required treatment. The symptoms were treated appropriately; medication was given in accordance with international guidelines. Less than 0.1% of the patients experienced vomiting, exanthema, dizziness, pruritus, flush or circulatory problems. The one serious event occurred in a 27-year-old male who developed anaphylactic shock after intravenous urography. He received treatment including the ad- ministration of corticosteroids and antihistaminics with a favourable outcome.
All adverse reactions happened within the first hour after CM administration, and delayed symptoms did not occur there after up to 24 h. The 2 analysis revealed that CM-related reactions occurred primarily in patients with renal insufficiency and pre-existing allergies/asthma ( fig. 3 ) . The number of patients that experienced adverse events in this group of patients was significantly higher than expected on the basis of overall incidence (p ! 0.00001). Also, significantly more females (1.2%) displayed CM-related adverse events compared to males (0.6%). Patients undergoing urography for malignancies or benign prostatic hyperplasia had distinctly fewer symptoms than those with i.e. urolithiasis, haematuria, pain or urinary tract infections ( fig. 4 ) .
Discussion
Iobitridol is a water-soluble, tri-iodinated monomeric, non-ionic, low-osmolar contrast agent with a molecular weight of 835 and an octanol-water partition coefficient of 2.63. It is hydrophilic and a marker of extracellular fluid. It neither crosses the intact blood-brain barrier nor does it penetrate into cells. It possesses very low non-specific albumin-binding properties, and 1 90% of the substance is eliminated by glomerular filtration without secretion or reabsorption. Iobitridol is rapidly excreted (93 8 5% within the first 8 h) in the urine [7, 8] . Thus, with administration of iobitridol, contrast-agent-related adverse events occur infrequently as seen in this study. Almost all symptoms were transient minor adverse events with no long-term effect on the patients' health. Patients with known allergies or impaired renal function bear a significantly higher risk of CM-related adverse events compared to those without these complications. Hence, precaution should be taken in patients with a history of allergic reactions following CM administration. The finding that the risk of adverse events is higher in patients with a pre-existing renal insufficiency can be attributed to slower elimination of the contrast agent.
The frequency of adverse reactions in our study is comparable with previously reported investigations in large radiological patient populations [9, 10] . The observation that female patients in this study suffered significantly more adverse events than males is likely to be due to a higher prevalence of allergies in females. Since most published data on CM involved very low numbers of patients [2] [3] [4] [5] , a prediction on the clinical safety of CM in a large patient population can only be made with caution. The rate of serious adverse events in our larger multicentre study population was 0.002%. This is in accordance with published results of 0.02-0.004% by Cochran et al. [11] and Katayama et al. [9] .
Certain pre-existing diseases influence the rate of adverse events. Patients undergoing intravenous urography for suspected malignancies developed fewer adverse events than other patients. We do not have an explanation for this phenomenon, a reason might be that more 'acute' diseases like inflammation or urolithiasis have an influence on symptom production. It is therefore conceivable that accompanying illness negatively influences CM tolerability. The hypothesis that co-morbidity plays an important role must be further elucidated. The fact that patients in the 'other' group developed distinctly more reactions than calculated numbers could be accounted for by the heterogeneous compositions of this group. Although the number of adverse events is lowered and the number of non-serious adverse events has decreased with the use of low-osmolar CM, serious adverse events still occur, though infrequently. The knowledge of the symptoms, the influence of pre-existing conditions and adequate treatment are crucial in this regard [11] [12] [13] .
Since this study deals only with the occurrence of acute symptoms after the administration of iobitridol, no statement can be made about the long-term effect of the contrast agent, for example on the serum creatinine level. Further studies including the investigations of blood chemistry are therefore desirable.
Conclusion
Iobitridol is clinically safe and well tolerated in urography as demonstrated in this study of a large patient population, producing mainly minor symptoms as adverse events. CM administration was well tolerated by 99.1% of our patients. Hence, bearing risk patients in mind, this implies the clinical safety and diagnostic efficacy of iobitridol in urology.
